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I, PURPOSE

The concerned contract calls for &n investigation of the prob-
lems of measurement of the response of passive electronic parts and
devices to pulsed nuclear radiation with a view toward establishing
optimum techniques for mass testing of said parts and devices.

A two phase effort is provided for by the contract. Phase A con-
sists of an investigation of the problems involved in the msasurement
of radiation effects in passive parts and a refinement of experimental
techniques. Phase B covers a pilot testing program of representative
parts using the techniques established in Phase A.

The third quarter is devoted to a continuation of the experimental
effort of Phase A of this program. The results of the tests of the pro-
ceding quarters are incorporated into a measuring technique which is
to be tested. Further improvement is also sought in the a.c. carrier
technique of measuring transient changes in capacitance.
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ABSTRAOT

This report covers the results of irradiation tests at the
Saudia Pulsed Reactor Facility in Albuquerque, New Mexico, during
the week of February 4, 1963. The tests were performed using an
experimental technique for transient effects measurements, whigh
should eliminate the interfering effects of coaxial cables. This
system wvas used in ths following areas of investigation:

1. Coaxial cable tests.
2., Rlectrostatic shielding.
3. d.c, capacitor tests.
4. a.c. capacitor tests.

The coaxial cable tests with the suggested technique reveal
a "cross-over" voltage near zero for coaxial cables, which greatly
simplifies transient effects measurements. These tests serve to
prove the system out for a great number of transient radiation ef-
fects tests.

Variations in the type of electrostatic shielding were tried
on a two watt carbon composition resistor, but these tests showed
that electrostatic shielding may not be needed for many parts using
the proposed experimental system, because the aluminum box used in
this system for mounting the part already provides sufficient elec-
trostatic shielding.

Additional confirmation of the proposed experimental technique
was obtained in the d.c. capacitor tests through the yielding of
consistent results. Dose damage to the paper capacitors used was
revealed, and the leakage conductivities calculated agree with the
results of other investigators.*

Amplitude demodulation tethniques were tried in the a.c.
carrier method of measuring capacitance change in order to increase
sengitivity, but the tests failed to produce reproducible results.
Dose damage to the capacitors indicates that new capacitors should
be used in each burst. Methods are being investigated to improve
laboratory calibration of the system.

* loc. cit.
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FACTUAL DATA

On the basis of the results of the previous quarters, a
technique is proposed which, it is hoped, will solve most of the
problems involved in the measurement of transient radiation effects
in passive parts. The parts are mounted in a smell aluminum box with
the "signal" cable mounted without comnector so that attachment of
the part can be made directly to the center conductor. The outer
conductor or shield is isolated from the box to provide for biasing
the shield. The system is diagrammed in Figure 1. The second cable
is provided for applying voltages to the lower end of the part, and
any type of cable or shielded wire can be used for this purpose since
the signal does not appear at this point, i.e. it is at a.c. ground.

The purpose of the box is to standardize or fix the physical
environment of the part for the effects of secondary emission and
external leakage, Thus the part does not gae secondary particle
radiations scattered from nearby materials since these are absor-
bed by the box, but sees only those scattered from the box itself,
and this remains constant in the testa. External leakage i{s also
standardized because the conductor and ground geometry is fixed
throughout the tests by the presence of the box.

This technique was invastigated in the various tests performed at
SPRF and described below. For this purpose a large number of identi-
cal boxes were constructed and mounted around the reactor.

1., Coaxial Cable Tests

A number of tasts were performed without parts
mounted in the boxes in order to determine the behavior
of the coaxial cable alone in this configuration. For
these tests the cable shield was grounded, and various
cables were exposed with different applied voltages.
This was done primarily to determine the '‘cross-over
point" voltage for this test configuration.

These voltage dependence measuremants were made
under three different conditions: (1) the cables were
cut flugh; (2) the cables were cut with one-half inch
of center conductor exposed; and (3) the cables were cut
flush and a two-watt carbon composition resistor was
placed inside the box to determine i{f secondary emission



RALSAS INIWAUNSVAW SLOAIIT LNFISNVEL :1 TdOOIA

. HOLDANNOD
" MOETE ONE
x1d4ns
¥AMOd
L
rM 1
= n/6sod ,s8 °7
1
X0 RANIWATV ,
|/' “
SVIg .
AT H u8/€-T
-, m
—~— : <) )
2d00S0TTIOSO0 n/2z1od ,s8 7 .
6SC FAXL XINOBINZL ]
i1y

r wZ/1-1 - !

¥0d OL qIYNDES WVTIIOD ONILV'INSNI

(sueydo11®2) WOLVINSNI



effects from the reasistor were significant. This resis-
tor was not connectad to the cable. The setups for these
measurements are shown in Figure 2.

The results of these tests are shown in Table I.
The striking result is that '"cross-over'* appears to occur
very nearly at zero volts for all three test conditions.
The pulses for the flush cables were consistently much
smaller than those with center conductor exposed. In some
cages, unusually large pulses are seen to occur in the first
burst, but in subsequent bursts the responses settled down
to reasonably consistent values. Prior irradiation of the
cable thus appears to be desirable for radiation effects
measurements. However, the results of these tests indicate
that if the cable is zero-biased such preconditioning is not
required.

The presence of the two watt dummy resistor in the box
apparently has no effect on this cabie response. The re-
sponse at zero volts ia still less than one microampere, so
that for most experiments where the pulses are considerably
greater than one microampere, the effect of the cable can
still be eliminated by zero-biasing.

The results of the testz with center conductor exposed
are plotted in Figure 3. The effective external leakage
resistance for positive voltages is of the order of one megohm
as compared to effective leakage resistances for the flush
cable of about 20 megohms, The saturation effect at nega-
tive voltages is presumably the same effect observed in
cylindrical geometry ionization chambers, the negative volt-
age on the exposed lead repelling electrons from the most
effective region around the lead. It is not certain whether
the apparent buildup with succesaive bursts here 1s real or
simply a fortuitous ordering of the statistical fluctuations.

A surprising result of thess tests is that at sero volts
even the cables with exposzed center conductor show a secon-
dary emission signal an order of magnitude smaller than pre-
viously obtained without the box. (See Second Quarterly Re-
port). This may be due to the scattering of electrons from
the box and onto the conductor, cancelling sscondary emission
from the conductor.

* Second Quarterly Report
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Electrostatic Shielding Tests

The previously tested electrostatic shielding tech-
niques for removing air ioniszsation leakage were again
tested in the aluminum box setup of Figure 1 with carbon
composition resistors. Four shielding configurations
wvere examined, each at 0 volts and + 90 volts on the
high voltage side of the resistor. The configurations
were: (1) resistor unshielded, (2) high voltage lead
shielded, (3) body and high voltage lead shielded, and
(4) same as (3) except that resistance paint is included
as described in the Second Quarterly Report. The shield
in all cases was at ground potential,

The results of these tests are listed in Table II.
Except for a few large responses in Burst 6, the data
shows no definite differences in the effects of the dif-
ferent types of shielding. The fact that the unshielded
case shows no external leakage effect is because the box
itself effectively shields the signal lead from the high
voltage end of the resistor. Most of the electric field
lines from the high voltage end terminate at the grounded
box rather than at the exposed lead of the signal cable.

A point to be observed in these results is that the
responges are in general no larger than occur with the
cable alone. Thus the secondary emission effect for two
watt resistors is small compared to these cable responses,
i.e, it is of the order of one microampere or less.

Capacitor D.C. Tests

The internal transient radiation effects under d.c,
conditions for paper (0,01 microfarad capacitors were also
investigated in the proposed experimental system used
throughout these tests. External leakage is negligible
because of the shielding effect of the aluminum box as
observed above. The signal cable is at zero volts and the
voltage is applied at the lower side of the capacitor.

The results of these measurements are plotted in Figure 4.

At positive voltages the points for a given burst
lie very close to a straight line, a fact which speaks
well for the experimental system. At succeeding bursts,
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the slope of the line increases indicating greater inter-
nal leakage conductivity due to dose damage. Using a
value of 7 for the dielectric constant the leakage conduc-
tivities are calculated from

s
o= € c
to be

Burat g(mhos /em)
15 3.5 x 10017
16 4., x 10
17 -11
18 6.4 x 10

These values agree, at least qualitatively, with the values
obtained by other investigators for various materials.

The saturation effects at negative voltages again may
be related to 3 similar phenomenon in cylindrical ioniszation
chambers,

A, C. Tests:

The a.c. carrier technique was again modified for these
tests. The modified system is shown in Figure 5. Typical
amplitude demodulation methods are employed, using a diode
detector and low frequency amplifier. This enables increas-
ing sensitivity of the system, which is desirable since ampli-
tude changes of the order of one hundredth of one percent must
be measured in order to detect capacitance changes less than
one percent.

The system was calibrated prior to irradiation by arti-
ficially switching in resistance and capacitance increments
and measuring the frequency response.

0.01 microfarad papar capacitors were used in these
measurements, and they were mounted in the same small aluminum
boxes used in the other tests described in this report.

These tests failed to show reproducibility and, there-
fore, lead to no useful results. Apparent dose damage to the
capacitors was observ-d as in the d.c. tests. Changing the
capacitor produced a lifferent behavior from that of a capaci-
tor which had been repeatedly irradiated. Both inconsistencies

B. C. Conrad, Diamond Ordnance Fuze Laboratory, Report No. TR-1037,

4 May 1962,
S. M. Marcus, Boeing Airplane Co., Report No. D2-6594, February, 196
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and changes were also observed ir the calibration when
checked during the tests. This phenomenon is being in-
vestigated and attempts will be made to eliminate these
changes and incongistencies. Both experimental procedures
and instrumentation will be investigated.
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CONCLUSIONS

The proposed technique for making transient radiation effects
measurements in passive parts is confirmed, at least for measure-
ments close to the reactor at SPRF. Zero biasing the "signal" cable
keeps the cable responses at values below one microampere.

The aluminum box used in this system alss provides a degres of
electrostatic shielding, thus eliminating the effects of external
leakags through air ioniszation,

The system yields consistent reproducible results in the measure-
ment of 1ntcrnnl_}!lkagc effects in capacitors. A leakage conductivity
of o= 3,5x10 mhos /cm was _deternmined for paper capacitors in f’tlt
burst irradiations of about 1012 nvt (neutrons > 2.5 Mev) and 3 x 10
r/sec gammas.

Greater sensitivity is obtained in the a.c. carrier technique of
measuring capacitance change by employing amplitude demodulation methods,
but virgin capacitors should be usad in all measurements and better
methods of system calibration are required.
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PROGRAM POR NEXT INTERVAL

Preparations will be made for a pilot testing program using
the technique studied in the tests described in this report. These
tests will take place at SPRF during the week of April 29, 1963.
Pilot test3 will be run on various types of resistors and capaci-
tors. Other parts may be included if the schedule permits.

The measurement technique itself will be subjected to further
tests. These will include tests at farther distances from the
reactor to determine if the effective 'cross-over' voltage remains
at zero. It will also be of interest to check the system with both
conductors of the signal cable at some voltage much greater than
zero.

The a.c. carrier technique will again be tested. Some improve-

ments will be sought in the technique. Attempts will be made to elimi-

nate calibration changes and inconsistencies.
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